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(54) METHOD FOR MANUFACTURING CAPACITOR OF SEMICONDUCTOR DEVICE 
(57) Abstract: 

PURPOSE: A method for manufacturing a capacitor of semiconductor 
devices is provided to improve a surface roughness by forming a 
lower electrode using two-step deposition composed of PECVD 
(Plasma Enhanced Chemical Vapor Deposition) and LPCVD(Low 
Pressure CVD). CONSTITUTION: Ruthenium(Ru) as a lower electrode 
conductive layer is deposited on an interlayer dielectric having a 
storage node hole of a semiconductor substrateO 00) by two-step 
deposition. That is, ruthenium (Ru) is firstly deposited by using PECVD 
and secondly deposited on the PECVD-Ru film by using LPCVD, 
thereby forming a lower electrode patternO 40a). In the PECVD 
processing, NH3 or H2 is used as an reacting gas. Also, NH3 is used 
as an reacting gas in the Ru deposition using the LPCVD. Them a Ta205 dielectric film and an upper electrode are 
sequentially formed on the lower electrode patternO 40a). 
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VD.S. tp.] LPCVDS. 

t S^h S-lt A cM PECVD 



PECVD. LPCVD, Ru, 71|3«a]^ 



', v'' "1 ?!-vH'!r 

je i* * 4^- yhs^i -y-^ *ni ^ c+^c 

si 2^r •& ^■ r 3°ll f^^^Hl €-^-1- «8-^ ttigH 

51 3* -g- #^<H1 nl-i- e-Ml^sl #el^elS-# ^ ^s., 

S. 4-b ttigofl tc]-iL eIaii^e) #eirL ^J-Jf 71- ^aVoi^s)- Hflel<>H^-s sl)*}^ $-2] t&\&s. 

S. 5fe t^l ^12 ^^l-^^el-i- *g ^ 'Et'SS., 

i 7-& yj-^^il sFf#q-°l ^ 
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IE. 9^ 4- 4-E 7j-o-^Aii^ tg^ 

10* 4 «J^oj) 4^. $4 4^ 

100 : 45^M^ 105 : afl 1 #4^44 
110 : 444 4 ^^-1- 125 : 
130 : 42 #4^44 135 : -JiL44 izHL-g- 
140a : 444^ sf| £ 145 : 44*114 
150 : 4444 

v! r o'^ 444 *nj 

4>g4 *=*h 4 4 4 a ,':•< |.>! -£cfl7|£ 

7| _, DRAM(Dynamic Random Access Memorv)4 33 H 4 ^7l-*Hl [iJ-jU 7l4^u °| 7 liL t+ 

*M^PI! 4-^ S4 4. 4^r ±« °l|e-](Sofl Error)* #44^ °jW*V* W44 V^4 9* 4 

HI VW ^ 2,J|, ° J Si 3 N , # 444 NO(Nitride-Oxide) Sife 0N0 Oxide -iSiSde^oii S|-22 1 
?22"^^. a '^(Nitride-Oxide), ONO(Oxide-Nitride-Oxide) 44^ frTi*} *o - 5 

0 3 H4 BST4 4). (Pb.Zr)TiO a (44 PZT4 «•). Ta 2 O , tfnq-* E°J%T^ ol f T f o 

** CV1 ? 'f-^ f ^deposition)!- -d^ Afl^iHal^Kstep coverage Vr ^« -Jc U M 

5 ilS ttt, IS"- ?: ? EJ * n ; a 2 0 5 )# o, *^ fe -i^No^e-oxTd ) wlf 1 

'Sol RTNCRapid Thermal Nitration) *)cl^ ^ ej IlJelcf " 1 ' ^ " ^ J£ 

f7 MIS Ta 2 0 5 -7|ja>144fe 4^ 441- #4^^^S A].^^ 7l Z n J o 

314-44 -*ll(Tox)4 -fl^^^4 4£^| i44 ««M *i*^i?**?olrt £ 

^1-8-4- MIMOVletal-Insulator-MetaO Ta 2 0 5 ?fl3H4E^ fc^. ^M^m-yl Jf.* 7 i a mim tl" <S t _ 

C i 5 «A, Nf£ o Jf c £ o iW W»30A 4ii4?-^4i 4U4 Ta O "4m3J*=2V« 

444 44 «H| 4 4 -^(Barrier laver)* 1^4|o5 ^^44 

44 MIM ^^oflAi -^(metal) 4444^s ^e^(Ru)* '4-g-^ ^-f f^4 tf^SLfc 4 44-'-7|4^^(Low P 
ressure Chemical Vapor Deposition: o] §} L PCVD°1 4 4)»d # 4 444 ^4 4 LPCVD^ o s R, ^ d 

s4ol 4^. 444.1 tl±t ^.447)1 44. 4 fe ¥ ^44 ^4 1 4^1 4.S^2i 3 4 ^liTBa^ er MeT 
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al)«a TiN* -tHH*i 4 a]HH(film lift) -fc*} o]3\£a] ojfe g-afl^H &c|-. 

**H3* ^SJH #B)l°fl^ Ru ^l = #(seed layer) .2. 3. PVD(Physical Vapor Deposition)^ 

Ru-i- -a^- ?-*h?V *, LPCVDS. Ru* *«r*M ^ 4 7) (Surface Roughness)!- tH&a\7]3L Si4- S{-^|'L> °1 3 
n° -fe *=3 <2-££) ^3*1 HjBH (step coverage)"!] €■ «9 ■&* ^ «-^| *»] sic)-. 



4*11 



S^ir lJVJtS(|i^Sl 7l)3))A)E-| ^^^-^ ^ ■JhE.SfliX). 7fl_£>£lg* af|¥*rfc3| 224. 



47*|* ^^}7) flft ^.igo) ?l]2l|AjEi ^S^*, U>H*1| 7)^^-0]) S-lll^^. 7 )-X) ^ xfl ] <£ rt-g. 

'g^Sf-b Q^l; -y-7] $<=»* m-¥-# #e)^e]e-°. s. ^#tr ^ ^ ^°)1 e]§}<*| -#7] #el4!e}^* eHl-t-* a) 
^7) s-l^il^^J #el-^a)e flS. aJe-1a)o]ii ^ wi) e]o| pfl ly-g. nfl^ *Bl:o.* -f- i^lfe #7)1 

; -#7] IfsM ^-7) 4 l f ^^MHl 7fl 2 f Tll-S^* ^^e)^ ^7) *H 2 f^J^^-P- 

*r<H 6->«-^^o) sg^sj imeHitH ** fl^Sl-fe #31; NH 3 J£bH 2 7j-2=# t^Tfis 
Bl^ltH 4- ^o)| Afl i s^i- ^-Jf-.;*|^-g- PECVDO.S. f zH>-Hr ^7)1; NH 3 ^ O y 7>_i_g ?)*7)ia x(-g- S -><^ 
y <M 7-1) 1 ^Mlfc- ol^-^m ^Ml *1| 2 ^11^ spr-?^* LPCVD^ f t«Hf ^-7) 7|) l ^ *)! 2 shf 
3-="* ^EiyaVfe ^7||; ^-7) 711 2 ^Mfc o)-^^^ fl£ -fr^^-fr ^SRr tr^l; S. ^7) -B-?-)*l]e)- # -7l) nfl a) 

£ Ta 2 O 5 It* TaON* Ar*«t}. TaON* 7]^9] SiO 2 , Si 3 N , NO(Nitride-Oxid 

e) S^r ONO(Oxicle-Nitride-Oxide)iLcf fe-2r 7f^)^, Ta 2 O = ^ -g-^^ ?r ?))^i^ Jl^Fr 

?!4 v -r# 7>^1 fj-^a|)e)-o]uK 

■&^S) a-}^ *)^©_3.i- ^&ll-^(Ru, Ruthenium)-! ^-8-s)d), 2^)9] ft ^-g- 7)?lcf. ^t) PECVD^jo s hV 
-g-7l|i NH 3 H 2 * Ru-g- ^^f ^^(^§1- PECVD-R u el- fl-)S r ^, LPCVD'g «LS. ^-g-Tfli NH a # 

Ru-t- ^^}-( 0 |5> LPCVD-RuEf #)?!:tK PECVD'S ^^=1 Ru ^ ^- LPCVD^^.S Ru-fr ^aj-w)£ 
S i£^7l -U 7) (surface roughness)* 'fi^MJI, It ^-S-7ll^S. NH 3 * ^f-8-*VH.S. Ru aj-^MHl ^^l|s|-fe <0- 
4i* 7fl7iS)-7ll 4^ TaON afe Ta 2 O 6 -frS*)!^ ^, 'S^-^* ^^S)^a^| #-^S)-fe ujj b] o) oJ| cKbar 

rier metal)?! TiNS] ^lsVol, TaON 5Efe Ta , O 5 ^sflAlE^ ^ ^^^1^-* ffi)a.5>7l| ^J-7j *}*f 

S^^^-ol S)^ ^*>^^^^ T^fe -a-^- ^i, AJalD) ^3,, ^ -7J=: ?i -7)f o) H. ^ nl c> 

iil-Sr PECVD-Ru f=-3h ^ LPCVD-Ru nj|s) AFM(Atomic Force Microscope) tfl ©1 B)(data)fir LPCVD-S-'Jl 

*al-t- o||S) AFM ^|o)E)a) u)3iij£o)t). 

PECVD-Ru LPCVD-Ru ?*J) LPCVD^AS Ru ft «1 H 

li 1 I 



pf.cv!)-r.i a uyvn-».. 



82.4fin m 



Rms(Root mean square)^- K^7]^7}3\ ^^x}^^- iJ)-E)-t|l^, P- v (Peak to value)fe JE^^H *1 7) f ^cfl^4 
^iL^2] H-Ef\E t +. S°flAl H-&m*°l PECVD-Ru M?- LPCVD-Ru* ^^offe 7 A°\ LPCVDS 

Ru€- f^t 3HI Hlft)^ 5.^71^7)7)- SJ=£^ 7j^ <£ ^ SI C K 
t^S] A cHr-€^£r ^«5)|t>)S7> S) ^ R u , TiN fAi ^^tbcf. 

*^J* « ^-¥-« fte^ z^slq] Aj-^*v A i ^^ ^.g H ^ ^ ^ 0 | CK 0]gl % , 

^7^ £1^^ ^xgofl ccf-g HVS.SI1 7)^(100) -^^1 7]ji f-TV^oa^KlOS)* ^ A d*r -Y-^ e^HolcK 

^11 *?V^^e)-(105} ^-¥-31 S.a)s1<H 31*} A-x^e] 7j-^.D)-i) ^o] eaj-^di-o) h§*}s\o] 

9XZL, 7)|o)e ihj2L^/H.eflol ?J^o_iL -f-^sjfe 2.^ S?Hi4 Hq«7l7 X E:)(M0SFET)7> *§s§s\°] °}.t\ 

5- yj-^l O)^ #7V^cj)p| o1 1 aHb)7^aJ- $ b)j_ {110) ^_ g^g *^ ^-^£0)4. 

^7] iii/^ejl^^^ f Als-j-Apj-^^ aaio^ ^^s)o) 01- w a. Aj-^-o) ^5^04^ 7-H7-1SH ^^-^<gnv 
3llSd(105a)4 7)^7-1 AJ- C-6>!^(110, storage contact hole)* 

5. 3-1- £ S-el-ael^-* f*z}-?r -Y 0 )! &)^l^(recess) a)^ s]^)^^ #a)^e)^(115)* ^^^r -?-^| 

a} 5}. ^Aj- swj^^. _y_ fl-«J-7l^*|-«a(CVD)S *e)-^&l^-(doped polysilicon)^* f nal jl 

#&1 ^ °fl^°Jl(etch back)sM #?rli^^-s) a^.* ^#-^1^14. °1 nfl oll^Bjj^. El ^ el ^ s] ^- 3 r s.-6)z^e> 
S-^- ■iUlsM 1-2-1^21^.(115)01 -g-el^L ifl^?) ^ r tr4. #2! -^=1^(1 15)* e^J** S^i^l #^a)-71 

*1 ^SKU -8--fc.il ol -n-^-TV* el7lli(recess) €4. 
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2. 4ft ft ft-& ftft7]- ftelftft*=(120)ft- a H&H^ll^(125)S. ftlftft ftft ftftSftft 

#ftftftftft E^i ft7j * #Ei)y (cleaning)^ ft ft «ea)A£ Ti* ^^al. RTPCRapid Thermal Processin 
g) ftlH s]flq <SftElft.ft Elftwft£lftft^#(TiSi x )# f§^ft J^. ftftftft Tift ftft Aflftftft Ti tUft W 
N. W* ft.-g-^ o,^. o] -Sal^olE.^ m)Bl»H^ ftft l-elftel^ft-ft ift^i»(bhniic Contac 

Oft ^ ftft 3 ftft ft* tfrfcAl 71 7 | ft fto) c>. 

n ftft uU&lftft|if ft ftftftft<41 * ^ ftTfl;*) ftft(Chemical Mechanical Polishing.ftft CMP)£ ^ft 

ft ftft. ft t j)|ft<>Hftft ftftft £344 ft*t]ft ftii *fl7|<|Ai .nftft <fiftftft, fti?} ^sftft ftftft -g-sH^ 
ftft«fl -tfro^H, ftftftft-a ft ft ft- iscl^l ft^ ^igoflA-i #ftfte)$ft a^s. aj-^s-).^ ftft e ] 

ftftft-ft TiN, TaN, TiSiN. TaSiN, TaAIN ft ©11- Sftft ftft ^ft A-jeHs) ^q.^ Jg-gaj.Bj, p V D(Physical Va 
por Deposition) £Eft CVD^^l] ft all ftftAl 

£ 5r* ft-E ft<Hft (cylinder) « ?fls|)ftftft f ft ftft ft fto) ^ 2 ft-ftftft ft(130)ft ^ftft ftft ftftJE 

ft ft. *H2 ftftftftftft ftftftft#(etch stopper), ftftft, ftftftft^- ftftft ^ ft ftft- ££ft ftftftft^;n|- a). 
ftft iEft BPSGft^S ft ftft ft xE. ftft. ftftftftftft ft^ft ftftft BPSGftft ft ftft ^z^aiy] q. ^ 
ftftftftft-OLsL o).g-s]tft SiN, Al 2 O 3 , SiON ^ft ft-g-ft iftft ftftftft "S^ ftft 

£ 6* ft ft^H ft# *l!2 ftftlftft-g- fti^^S ft* r ftft iS.ftfti^£ -S-(135)ft ft2 ftftft ftlft(130a)« * 
ftftftft ft ft SI ft ft. 

£ 7ft ft l-^ft 4^ ftft ft ftft jgAj^j £ft^(140)-g- ft ftft ftft ftftiftft 
ftft?iftft Ruft ftftft^ft PECVD-Ru* ftftft ft LPCVD-Ruft ftftftft 

PECVD-Ru ftftft^ft ftftft ftft. ftfti^ft R U (CH 3 COCHCOCH 2 CH 3 CH 2 CH 3 ) 3 (Tris (2.4-octan 
edionato)ruthenium)« 7) ^|ftEj]S. ftftft. 7] ft(wafer)ft ft 5. ft 200"C ft a] 350"C^. ftftftft, NH a £Eft H H 
ftft 7|)^^ 50sccm mft lOOOsccmS- ftftftft, ftftslft ftftft O.lTorr ftft 2Torr^. ftftftft. R.F. ftft(R F 
. Power)ft 30watt ^fl^l 400wattS. ftftftft, ftftolEftSUB HEATER) # ^^KgrouncDS ftJl, ft^ ^J={SHOWE 
R HEAD)ft ftft(electrode)S. ftft. ij1f;|igfe NH 3 £Eft H 2 ?Hift AVftftft R t , ftftofl ^7|)ft^ ^] 
ft ftft. 

ftft ftft LPCVDS. Ruft #ftftft. ftftiftft ft7] PECVDft ft^Jftft ftft ? l|^s O 2 Hi ^ NH 3 7))^ 
ft ftft ftft. ft, ftfti^ft RftCH 3 COCHCOCH z CH 3 CH 2 CH 3 ) 3 (Tris (2,4-octanedionato)ruthenium) 
♦ ft-8-oH, 7lft(warer)s] ft£ft 200°C Mft) 350'CS ft^sH, ftft 7li £ 0 7 1|^ ft NH 3 7fl^ft 50sccra 
ifl^l lOOOsccmS ft^lftft. ftft.?^ fts|# O.lTorr lfl^J 2TorrS. ft^lftft. ftft^jftTflft ft7] PECVD-Ru ft 
ft4 LPCVD-Ru ftftft ftft (chamber HI a| ft-ft #(I n ~situ)S. ft »J ftft. 

H 8ft ft ft"gon 14^ ftftftft Sftftft ^£&lft^- ft el (storage node separation) ft Ji Afl2 ftft^ftlftft % 
ftftH(Dip OuOsH ftft^ift aflieKUOa)* *3ftft ft£] ftft£o]ft. 

-^SCl^l>_^ ft£)-i- ftS)lft^ Aj- 7 , sl-ftA-[^ £ft^ol ^a}-^ ^3 r #fto)| Aj- 7) ^.^ft-(135)ft ftft* ft 

^JjL 7 ] oj^cr) ft ft ft ft ft ft- 7>X|i^ JftJ^-g- ^^eVc}-. ft 7] Sl|fi iSBllft^SD). ftft ft O.^ o| 

ft a ft ftft. °|<>lft ftftftftft^l AJ-L^o) i^ftl lljft^l 5|-ft?ift2l <aft ft Sftjf.o} ^J=L*- cHlft.J!| £H CM p 
fto|] oj s^l ^IftftO.^.M), sJ-Jfft^-ft* ftftfi^ ftft ft ftft. °1 nU, ft 7] ^^filA| V = ft lfloflA^ a o V 7) 

ftftftft ¥]->l|ft a o v 7 , sixg-oi uH*i ^ft7> ftol-oi^ €nK 4 v 7] si^iao! <jj_» # o| -8 tash i ng ) S ft &q 

±}Z]o]} ojgj.oj ^T^^Cf. Aj- 7 ] SjAJI^ol iMafl^l^Efti?..?. Ol^-ft^l JgftcHlfe ft-7| SlAtlft^l ftn]^| oJJ=L- ofl ofl 
21SH A||7iftjl, ft7l Sl^Jftol ftftfto.^ oj^ol^l 7 d ^o1|fe AJ. 7 | SIAJ^SI oJH # ^Mgoll'c^SH ^A-l 

ftft. 

ftft£.S ftftlftft 3}ftd(130a)ft <3ftftJ=i(Dip Out)ft^ ft ftft (Cylinder)^ ft <ft^ft(140a)ft ^gftftft 
£ 9ft ft ft^°1] ftft ftft?iAllft(i45)ft ftftft ^2] ftftiEo]cf. 

Ta 2 O 5 ftft *g ft ftft ^Hft ftft ft as ftftsl^r ft ftft ^IftslMsn-ftoc 2 H5) 5 )ft ftft«l|A] ftt-flcl^ 
S. ftftft fH^cflo|S(Ta(OC a H B ) s )» 170°C m^l 190°C£ ft^lElft 7]H\7\d\\*\ ft^|ft-Ell£. ^c)- 7] ] 
^ft O 2 'H^« lOsccm vflft lOOOsccm ftftfti. ftftS iflsj ft^ft O.ltorr ifl*l 2torrS ft^l ft ji 30 

0"C Ml *| 400"C5L ftftft fllftxfH Ta a O 5 # ftftftft. 

ft-g-o..?. Ta 2 O 5 ft Lfl^l ftift^ * ft^# ^lftft7l ^Iftft 300C i4l ft 500C°i|ft N 7 O -p^ftift ftftft* 

"A'ftft. ft7l -I-ft^ft is|e| cflft x>s]aioii sisflA^ ftAj^ ftftft-5?„^(uv-0 3 ) 7f^i: ftB|ft7l£ SVft 

ftfto.S 500°C >-flft 650"CoHft N 2 7l]ift O 2 ft olft* M 30 ^ i-Hft 6 0ift RTO(Rapid Thermal Oxidation) 

ft^ft ^ ft ftft. ft at) Ta y O 5 ft ftft ftft ^ ftft ft. 

£ 10ft ft ft^l ft«- ftft?lft(150)ft <gftft -f-21 ftftlEftft 

ftftftftft Ru i£ft TiNft ftftftft. 

ftft°11ft ft^ft ft ft^ft ftftft ftftofl ^ ^jjUg xr^cHl 21611 ftAjs)fe ft «ftq ZL ft BJ-^S| 7)<t-5j Aj-ft^- 

ft ftft fe v ft Hlftft ftei 7>ft ftft, igtg nj ^^o] 7>ftftftfe 5)o| ^ He )-^o1 ^-ftfe ft^ftftojjft s-Aioi X | 

ftft ftft ftft 7fl ftft ^«lft ftft ft. 
V:! l S ft :1 

ftft ft ftft ftftftft ft ft^ft, ftft MIM 7lln||ftu-]^l fta-Vft PECVDt!°.il ftft-^ Ru ftftftS. LPCVD^ SL3 R 
uft ftftYj-o.^ i£ ft ft aj7l (Surface Roughness)?} 7flft^ S.ft-71- ftft. 
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Stf 47] PECVD»a o.S. Ru 443 §*M ^711^* NH 3 SEfc H 2 # 444<^ ^-^tflofl 

LPCVD^AS R U 8j-eJ-«s] wl^H^-I- NH 3 a}-8-*M ^» a^tf-SLiM ^ S^-fr 44 

'd-o.S^ ullslojD)]^ A^ ff ^1^ji t TaON Ta 2 O 5 Tfl 2]] a] e-) .2} tf.fr ^^rft SKSL^fc -If 

(57) =*]-?s| VlSl 

At 1 * 1. 

^Ml 

3) TO 2. 

4*11 

3 TO 3. 

4*fl 

3 TO 4. 

4*11 

3) TO" 5. 

3) TO 6. 

4*11 

^TO 7. 

4*1] 

3 TO 8. 

4*11 

^TO 9. 

4*11 

31 -TO 10. 

4*11 

^TO 11. 

4S.*fl Aj- 0 )| s.Efl^ r ^ 7 }-x|fe. *)] ] #^<g^ ^Sffe- #3); 

4*1 &m lH-Y-1- f-Eq^el^-A^ ^aj-ft * oj|^.nj ^-^oj) o^sj-d] eH|^-f- a]?^ r+^i- 

4^1 t^l-ii 4^1 *ll 1 #^?HS<3 44*11 *fl 2 ^4*J<34-fr ^^4^ tt^l; 

41 *ll 2 #?J-iS<S n 44 ±]44<*1 44#^-°l $^3 ^Eei^^H 

N t I li5 a , t , H 2 7l " # 44*M 47] iSLeH_y_jE * tft&dfl x)i 1 jp.^ SH^^ PECVDAsL ^ 

7 -l] ; 

NH 3 3 o a 7>i# «V-g-7f-^. Af-g-^crj ^- 7] 4 ! Aj-ofl 4 2 = E fl^- 8^*4* LPCVDJl? * 

44c: tP4 

A cM *1) 1 ^ »q 2 -f-tim- SHf-^* sOEj^Sl-b ^7|1; 

47] xfl 2 -f-Ell^f 443.4 flS. -fh^*l| 4* «^4fe 4*11; g 

47) 43*114 flS -7l]3flAlE^ A}-» ^.g. f-.*V^ r^-l) 

33 TO 12. 

4*1] 

^^•4 13. 

*11 11 4°ll'aH4 

V\ ^ A >°'-^Ti» #44^-, RTP «W) sjafl -a^elsM TiSi K t^ft^, *1 443 Ti* 

4<*1 ^4ir 3J* f^os. s}^ ftE.Jfli*>3] aHa^U ' 1 

3TO14. 

*11 11 4°H 5tl°H, 

471 uOaH"*** TiN, TaN, TiSiN, TaSiN. TaAIN % o]» i£^<£ t g f.^^ ajbisj «. l i ¥ *>a«.Dl ^-v b> 
•3 o S fe PVD C VD # 4*4^-11 affe 5J * a ^ o. s hj-^^j^ 4 a, xfl 2 " ' 

3TO 15. 
4*11 

^TO 16. 

*11 11 4°i| 

471 -S-^lsil^ TaON. Ta 2 O 5 #«fl*i Sj-^-s) g-^o] ^ a^o S sfe «l£^|i-7,|sj ^fliifl-ifl 
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%=f-Ht 17. 

*1] 11 *J-°11 SJ.<>H, 

A cM Ru. TiN f^H ti^^l^ Sfq-S] #1JS. ^ «r^r 

18. 

*U 11 «oM| Si<>|^, 

*H 1 sl-^^^-i- PECVDSLsL ^^[s>fe ft^fe, 

Ru(CH 3 COCHCOCH 2 CH 3 CH 2 CH 3 ) 3 (Tris (2,4-oetanedionato)mthemum) -I- ^f-g-*fJl A 
¥Kwafer)S] 200t 350'CSL **]3H. ^7j «]:-g-7^J NH 3 J£^r H 2 ^1 -ft-^ufr 50sccm 1000s 

ccmJL Pr^M 3 }. '^-g-£^l ^-fr O.lTorr T-flx) 2TorrS. -fM S-^JiiS S)-fe- 7|]slH&1 
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^lH<SHOWER HEAD)# ^^(electrode)S. Z}<*\ =^5^ 3* s^j^ ^ ay^|| 4- 7|1b}|a1e1 ^|^h>»] 
^t 1 * 20. 

*fl 11 ^-oll &<>H, 

*1] 2 ^tflw- ^-f-^J^-S- LPCVD.2_.gL #a, v o->fe &7\]!£. 

iV^-i^oj Ru(CH a COCHCOCH 2 CH 3 CH 2 CH 3 ) g (Tris (2,4-octanedionaio)ruthenium) « ^f*^^. ?1 
^r(wafer)^ fef 200"C 41 350T.3. -fr*!*^, #7] y£*- 7 }^<=] NH 3 O z -3j -fr^* 50sccm ifl*| lOOOsc 
cmS. -H-^lSr^, *-S-as) «g-a|£ O.lTorr ifl*] 2TorrS -JM*!^ 5l* ^-fi-S. v}^ ^n\^\s] ?l|3|jAlrt d 2 

21. 

*fl 11 <tM| 5U°H. 

^-7] *fl 1 =le11^ PECVD°._?_ ^al-Sffe cf7])a> *U 2 ^Hl ^ ap^^-fr LPCVDAS &t\] 
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